
Chapter 1 

Introduction 



Liquid crystals are i~lt~ermediate states between tlie crystalline solid and tlle 

aniorl)lio~is liqnitl[l]. Tliese states are s tro~lgly anisotropic in sollle of llieir 

properties like a crystal and a t  tlie same t i ~ i ~ e  exhibit some fluid properties 

as well. Tra~lsitio~ls to these i~lterrllediate states may be brought about by 

lleating or cooli~lg (thernlotropic mesomorpliis~n) or by tlie effect of solvents 

(Iyo1,rol)ic 11lcso1l1orl>liisll1). 111 gc~icml, ~llolecules of ~llesogenic couipou~~ds are 

lligllly a~lisolrol)ic, usually loug a ~ i d  narrow. Howcvcr, it was cliscovcre<l by 

Clialldrasekllar et a1 [2], tliat pure co~l~pou~ids  of disc-shaped molecules call also 

show liq uid crys tallinity. This tliesis deals with only tlierll~o tropic liquid crystals 

of rod-like ~llolecules. 

1.1 Classification of t hermot ropic liquid crys- 
t als 

Therniotrol>ic liquid crys t,als of rod-like ~llolecules are broadly classified[3] into 

three t,ypes: nematic,  cho1este.r.i~ and smectic. 

1.1.1 Nematic 

Tlle ~le~llatic ( N )  phase lias a high degree of long range orie~itatio~lal order, but no 

long range tra~lslatiollal order ( Figure I. 1 (a)). Tlle ~llolecules are spollta~leously 

oriented wil,li t,lieir long axes approximately parallel to sollle co l i l~ l~o~ l  axis ternled 

as tllc tlirect.or I?. However, the preferred tlirectio~l usually varies fro111 point to 

point i11 the nlediunl, but a liolnogelleously aligned specillle~l is optically uniaxial, 

positive and s t,rongly birefringent . 



Figure 1.1 : Molecular arrange~lleiit in (a) nenlalic, (11) clioles teric. 6 den0 tes 
the director. 



1.1.2 Cholesteric 

Tlle cholesteric mesopllase is a clliral versio~i of the nematic phase, observed in 

nlaterials wit11 optically active molecules. As a result of this, tlie structure llas 

a screw axis superi~nposed nor~llal to the preferred ~llolecular direction (Figure 

1 . l  (b)) .  However, a race~nic mixture(of right- and left- handed chiral ~nolecules) 

will Ilave a helix of infinite pitch wllicll corresl~onds to the true ~lenlahic. The 

spiral arra~lge~l le~l t  of tlle ~llolecules in tlle choles teric mesopliase is respo~isible 

for its t~niquc oplical properties, viz., scleclive reflection of circularly l>olarisctl 

light and a so t,at,ory power about thousand times greater tllari that of a n  ordi~iary 

optically active substance. 

1.1.3 Smectic 

S~llctclic. 1)11;1se is cl~arac~criscd by a layered skructure in addit io~l to tllc orie~l- 

l a  tio~lal order of tlle 11enla tic phase. Deyendi~lg 011 tlle ~llolecular arra~lge~rlents 

witllin tlie layer and tlle extent of inter-layer correlatio~ls smec tic mesophases 

are classified into different types. 

Here nre dcscril>e t,lle structures of those s~nec  t,ic phases, dealt with mainly 

in the work gresent,ed in this thesis, viz., s~llectic A, s~nectic C, its clliral modi- 

fication s~llectic C* , and sniectic B phases. 

I11 lllc sllicclic A (A) phase tlie ~nolecules are upriglit wit11 their centres irregu- 

larly s1,acetl within each layer in a ' liquid -like ' fasllion (Figure 1.2(a)). This 



arra~igc~i~c~iL 1i:u bee11 dcscribctl as a one-cli~iiensio~lal Illass de~isity wave witli 

llie wavevec't,or parallel to the direc tor[4,5,6]. Tlie inter-layer correlatio~is ex- 

liibit quasi-long range order. The Landau-Peierls instability[7] arising in such a 

syste111 liavi~ig one-dinieiisio~ial tra~islatioiial order in three- dime~isio~ial space 

slloultl nlanifcst, itsself as a cl~iasi B r a g  X-ray line l)rofile[8]. Als-Nielse~i e l  a1[9] 

liave sliow~i that t,his is illdeed tlie case. Tlie idealised picture of s~nectic A 

pliase s l i o w ~ ~  in Figlirc 1.2(a) is far fro111 accurabe. A illore rcalislic 11101ccular 

picture[lO] is sliow~l in Figure 1.2(b). 

The s~iicctic C (C) pliase is a tilted version of the A phase i.e., tlie ~ilolecules 

which are uyriglil in A, are now tilted with respect to tlie layer nor~llal (Figure 

1.3). Wliile tlic A pllase is ~pt~ically uniaxial, tlie C phase is optically biaxial. 

If the ~liolecules are optically active in the C p liase then tliey for111 a cliiral sniec tic 

C or s~liectic C* (C*) phase[ll]. Due to tlie presence of chirality tlie aziniutlial 

angle of the tilted ~ilolecules precesses fro111 one layer to allother giving rise to a 

27r 
lielicoidal s t8ructure (Figure 1.4). Tlie pitcli of tlie helix is give11 by -, where 

4 
'1 is tlle wave vector of tlie helix. By symmetry arguliie~lts (to be discussed in 

Cliaptcr 4) t41ie C* phase exliibit,~ ferroelectric properties, i.e., each layer sliows a 

non-zcro s~>ontaaeous polarisation Ps perpendicular to the direction of tlie tilt 

i~1it1 (11(' laycr 110r1lial 17 [12]. Ho~vcvcr, Clic 1)rcselicc of tlle liclix avcragcs out tlie 



Figtirc 1.2: (a) klolcc~ilar a r ra~ig(~~l ic~i t  in s~iicctic A pli;~se. (]))A rc:~listic dis- 
tribution of irlolecules in tlie siilectic A phase. The arrows in tlie figure denote 
the cres t,s of the density wave. (Fsonl ref. [lo]) 

Figure 1.3: h~lolecular arra~lgelile~it i11 snlect,ic C phase. 
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Figure 1.4: Twis t,ed slllec tic C* pliase. 



11lacroscol)ic pola~isat~ion to zero. To obtai~l a non-zero ~nacroscopic polarisation 

tlle llclix has to be u~nvound by an external field, such as electric field[l3] or 

shear[l4] or by surface interactions[l5]. Figure 1.5 shows tlle structure of an 

u~iwou~ld s~llec tic C* phase. 

Twist Grain Boundary(TGB) or A* phase 

Recenlly, Re1111 and Lubensky[lG] have extended tlle a~lalogyv between tlle nornlal- 

sul)ercontlucCing Cransition in ~netals and tlle nenlatic-s~liectic A tr:~nsitio~l [GI to 

predict an a~ialogue of tlle Abrikosov flux latticell'i] in liquid crystals containing 

clliral molecules. This new pliase termed as tlle Twist Grain Bou~ldary pllase is 

recog~iised 1.0 be identical[l9] to the A* pliase discovered by Goodl~y et a1[18]. 

Accortli~lg Lo the lllodcl given by Re1111 and Lubensky, llle TGB pllasc co~isists 

of a regular array of twist grain boulidaries co~llposed of regularly spaced screw 

disloc;it.iolls wit11 axes that rotate fro111 one grain boundary to lllc nexl giving 

rise to a helix. Tlle helical axis direction in the TGB pllase is parallel to the 

layer planes (and ~lor~l lal  to tlle director as ill tlle cholest~eric). Tlle corlfiguratio~l 

of ~liolcclllcs l)cl\vcc~l tlic gri~ill 1)oulldaries is esse~ltially idc~ltical to tllal of tlle 

A phase wit11 regularly spaced layers separated by a layer thickness d. (The 

sclle~lia tic repre~entat~ion of a TGB phase is give11 in Figure 5.2-Chap ter 5). 

I11 t,lle slllect,ic B ~)lia.se tlle ~liolecules are upriglit and hexagonally close packed. 

Two types of s~llcctic B p1lasc.s have bee11 iclentified, viz., tlle hcxatic B and 



Figure 1.5 : Unnround slilec t,ic C* phase. 



the crystal B. Tlle llexatic B(Br,,,) pllase 11% long range bond oric~ltatio~lal 

ortlcr(t1le I~ontl orient,ational order is defined in Chapter G ) ,  sllort range in-plane 

positional correlatio~l aid no i~lterlayer correlation. Tlle crystal B(B,,,) phase 

has long range implane correlatio~l and a high degree of iiiterlayer correlatioil 

like a 3D crystal. 

For nlaterials llaviiig ne~ila t ic and s~ilec t ic ~liesopliases the typical sequence 

of phase tra~lsitio~ls on cooling tlle sa~lil~le is usually as follows: 

Isotropic - N - A - C - B - solid. Exceptio~ls to this rule, in wllicll materials 

exhibit reentrant phases, are kiiow~l but we do not deal with such cases in our 

studies. 

Tlle present tllesis deals ~liai~ily wit11 tile experimenlal studies on tile s~llectic 

A-s~ilcc t ic C or lllc s~llcclic A-snlcc t ic C* pllase t,ra~lsition. Tlle exl>crinlc~ltal 

melllods enlployed to nleasure the ttliermal variation of different ina terial param- 

eters across this trailsit,io~l are also described. Tlle results obtained, in most of 

tlie cases, liave bee11 conlpared with different tlieoretical illodels for the A-C or 

A-C* transition. Tlie tllesis also describes experimental studies 011 a novel phase 

diagram involvillg tlle twist grain boundary phase ill the vicinity of a virtual 

Ch-A-C* point, and on lligll pressure studies on ~llaterials exllibiti~ig either hex- 

atic B or crys tjal B l~liases. Tlie overall co~lteuts of five cllapters are sumnlarised 

in the following sect ions. 



1.2 First order Smectic A-Smectic C*/ Smec- 
tic A-Smectic C transition 

Tlie S~iiectic A-Smectic C (A-C) tra~isitiori is described by a co~iiplex order 

para~iieter [20], ilr=Oeim, wliere 0 is tlie nlagnitude of tlie tilt angle and 4 is 

the aziniutlial angle. Since 4 can be cliose~i arbitrarily, 0 itself call be taken 

as (,lie or(1~r l)ara111~1,cr in I l i ~  free c~ic.rg cxl>:~nsioii for tlic A-C Cra~isilioii. 

I11 the case of tlie A-C* transition, owing to tlie existence of ferroelectricity 

one should, in priliciple, co~isider bot,li 0 a~icl tlie spo~ilaneous polarisatioii Ps as 

order paranieters. But experi~iieiital evide1ice[21,13] indicated tliat tlie lra~isition 

is brought about by tlie saliie i~iteriiiolecular forces producing tlie C phase and 

~iot, by t,li(. fcrroelcclric couplilig belween llie penlianent dipoles. Tlierefore Ps 

l>cconics a seco~itlary order 1)aranie her for tlie A-C* tra~lsitio~i and tlie ti1 t angle 

0 t81ie l>ri~llary order paranieter. Thus tlie basic pliysics of tlie A-C* tra~isitioii 

iiiay be expected to be same as tliat of tlie A-C t~ra~isition. 

Fro~ii sylillilet,ry considerations, A-CIA-C* tralisitio~l can either be fiss t order 

or seco~id order. But ex~>erinle~ilally, tliis t,ra~isitioli was generally foulid to be 

seco~id order. Lie11 and Huang[22] predicted tliat tliis tralisitio~i call be drivel1 to 

becollie f%st order 11y tlie large fluctuations of a ~iearby A-I transition. However, 

no conclusive proof of a ~ilaterial liavi~ig a first order A-C or A-C* transition liad 

bee11 rcl)orhed so far. 

Clial>t,er 2 describes liigli precisio~i X-ray ~iieasurellielits of tlie lilt order 

parame t er on a ferroelec lric nla t erial 4- (3-nie t,liyl -2- clllorope~itaiioyloxy) -4' 

-liel>t,yloxy biylie~iyl (MCPTOB) (having a liigli Ps 300 nC/cm2)[23] which 



led t,o t,lic first, ~l~la~lll)igllolls ol~scrvat~ion of a first ortlcr A-C* I,rx~lsil,ion. Tlic 

exl)eri~llents llave bee11 carried out using a coniptlter co~itrolled Gui~lier diffrac- 

tonleler (Huber 644). All aligned A phase was obtained by cooling tlle sa~nple 

a t  a very slow rate(- 300 mI< 111) fro111 isotropic to the A pliase in the presence 

of a 2.4 T ~iiag~ietic field. Tlle aligned sa~llyle was later tra~lsferred along witli 

tlle tenil)erature co~itrolled oven to tlie go~iio~neter head of the diffractometer. 

Tllr 1)rrcision ill t,lic drtcr~lliilal~io~l of tlie wave vector was 2x10-' A-' . Tllc 

resolution in the equat,orial directio~l was 3x10-' A-' . The teniperature was 

~l ia i~i ta i~led tlo a constancy of f 5 mI<, Layer spacing as a functio~l of tempera- 

ture llas been nieasured both in tlle A and C* phases. Tlle tilt order paranieter 

was calculated using tlle ecluation 

where tic. and <IA are the layer spacings in tlle A and C* pllases resl~ectively. 

Tlle results ob tailled shows t,liat tlle tilt angle 0 has a disco~lti~luous j u ~ n p  a t  tlle 

tra~lsitio~l to tlle A phase. Also, in the lrausition region, the low angle scat tering 

sl>ectjruln sllows two pealis associated witli tlle de~isity ~llodulatio~ls of both A 

and C* phases indicati~ig a two pliase region. Tllese results clearly indicate tliat 

tlle A-C* t,ra~isitio~i in t811is ~naterial is first order. 

Cllal>t,er 2 also descril>es klle exl)erinlenlal stmudies carried out in ordcr to 

u~ldersiand llle origin of a f i s t  order t,ransition in such nlaterials. Huang lias 

conlpiled[24] all h e  availal3le data on tlie A-CIA-C* tra~lsitioll and fou~ld a 

systenlatic lre~ltl will1 respect tjo tlie t,eniperature range of tlle A pllnse. Tlle 

calorinlctric nleasurenieuts i~lclicated tlie l~ossil~ility of hiding a first order 
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A-C/A-C* tra~lsitio~i by shrinking tlie te~nperature range of tlle A phase. In a 

recent study, Liu et a1[25] llave argued that reducing the temperature range of 

the A phase alone lnay 110 t nlalie tlle t r a~ l s i t i o~~  first order, but a n  additiolial pa- 

same tes, viz., the magnitude of the tra~isverse dipole momelit of the colis titue~lt 

~rlolcculcs llas a sCrolig effect 011 tlle order of tlie tra~lsition. A lilore syste~llatic 

study in this directio~l was esselltial to u~lders t a~ id  tlle 11a ture of this transition. 

Will1 tliis in nlilld, X-ray diffri~c(,io~l skudies llavc bccn carried out o ~ i  two otller 

liquid crystalli~le systenls. One is a l~o~nologous series of a non-ferroelectric 

~ilaterial(TBnA) with a weak tra~lsverse dipole moment [26] aiid ano tller a ferro- 

electric niat,erial(A7[1] for short) wit.11 a strong tralisverse dipole moment. I11 tlle 

for~ner, tlie telliperature range of the A pllase varies with the chaili le~lgth and 

the experi~ne~lts have bee11 dolie on lOlh(TBDA), 8th(TBOA) and a 10 rnol% 

~llixture of TBOA in TBDA. Tlle result,s obtained call be su~nliiarised as follows: 

if tAe tra~isverse dipole liloille~lt of tlle constituent ~iiolecule is strong, ~ n a  terials 

wit,li a large range of h pliase call sliow first order A-C/A-C* transition. For 

~ilaterials wit,ll weak tralisverse dipole moment, tlle range of tlie A pllase has to 

be niucli slnaller for the same effect to be seen. 

1.3 Mean-field to Tricritical cross-over behaviour 
near the A- C* Tricrit ical Point 

Froni t,lie point of view of critical plienonlena, an  iliiportalit feature to be noted is 

that as sollie nla terial paranle ters are varied, tlle order of the tra~isi  tion clia~iges 

fro111 fhs t t,o second. Tlle ol~servat~io~l of t,lle swit,cli-over point, ternled as tlie 
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tricrilical point8(TCP)[27], on t,lle A-C (or A-C*) line, liad eluded experi~nenters 

despite co~lsiderable effort. 

Altmhoug1i it was initially proposed[20] tliat llle A-C (or A- C*) tra~isit io~l 

should exhibit heliu~n-like critical behaviour, subseque~lt studies[28] have clearly 

sliow~l that A-C (or A-C*) tra~lsitio~l is nlean-field-like with a large sixth order 

term[29] in the Landau free energy expansion. The presence of tlie sixth order 

ter~ll  i~llplies tliat t lie tra~lsitio~l is always close to a ~nean-field tricrit ical point 

with a co~ico~iii t~a~lt  existelice of a 'cross-over' beliaviour from a mean-field-like 

region to a tri~rit~ical-like region[30]. 

Cliapter 3 describes liigli resolutio~l X-ray experi~lle~lts which led to the first 

observation of a A-C* TCP and the associated cross-over behaviour. The ex- 

peri~~leiltal work in this direction was started after finding a first order A-C* 

tra~lsit io~i in a ferroelectric material MCPTOB, discussed in Cllapter 2. Pre- 

linii~iary rcsult,s of X-ray ~iicasure~lic~lts sliowcd tliat adtling a~iotlicr ~liatcrial, 

4 -1leptyloxy -4' -decyloxybenzoate (7OPDOB for short), with a known seco~id 

order A-C tra~isitio~l drives the first order tra~lsitio~i to second order leading to 

a TCP. High resolutioii tilt angle ~lleasure~lie~its were done on several mixtures 

of tlie tjwo nlaterials on tlie second order side of the tricritical point. A novel 

~lietllod of a~lalysi~ig the data is described, wllicli brings out beautifully tlie 

explicit cllaracteristics of the cross-over beliaviour. The results clearly show a 

nlean-field t'o t,ricrit~ical cross-over behaviour, with tlie mean-field range shrink- 

ing tlo zero at tlie TCP. It is also observed that the data  for a ~ilixture very 

close t,o t,lle TCP yield a t~icrit~ical exponent of 0.25 for tlie tilt angle as is to be 



expec t,ed tlieore tically [l,31]. 

1.4 Polarisation-Tilt Coupling and thermal vari- 
ation of Pitch in the Chiral Smectic C 
phase 

I11 spite of co~lsiderable experinlental and theore tical work done in cliarac terising 

tlle ferroelectric properties in tlie clliral sniectic C pliase, tlie nature of tlie 

coupling between the ~liagnitude of tolie tilt, 0, and sponta~leous polarisatio~l Ps 

lias not bee11 well understood. A si~llple theore tical approacli[32] expects the Ps 

and 0 to be coupled in a linear way. Also it predicts tlie helical pitch p to be 

invaria~it wit,ll respect to tenlperature. However, tlle experiniental observations 

ps 
do not, agree witli these predictions. Especially, tlie ratio - is weakly clependent 

0 

on t,lle temperature deep in tlie C* pliase, but shows a strong variatio~i close to 

tlie A-C* tjransi t ion tenlper t ure. Similarly, far below tlie transition, tlie helical 

pi tcli varies slowly wi tli tenlperature and shows a m a ~ i m u m  below tlie transition 

t,e~i~l)cra t.lirc. 

Based on tlic experiniental observations niainly 011 1)-decyloxy be~izylidene 

11- anlino-2- me tliylbu tyl- cinna~iia te (DOBAMBC) , ex tended ~nean-field(EMF) 

nlodels [33,34] witli as many as eleven expansion coefficients were proposed. I11 

these niodels, in additsion to tlie ter~ils considered in the si~rlple model, a sixtli 

order tern1 in tilt8[29,35] and a biquadratic tern1 in polarisation-tilt coupling[3G, 

331 were also taken into account. Most of tlie measurenients[37,38,39] tliat liave 

been (lolie so far present result,~ nrlierei~l not enougll atptjeiit,ion lias been given to 
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(,he rcgiou close to the A-C* ttra~lsition. The few lligll resolutio~l stutlies[34,40] 

have 11ccil carricd out on ~lialcrials wit11 low polarisatio~l. This i~ecessitated a 

sys tenlatic study to u~iders tand the nature of the Ps-0 coupli~lg and the tllerlllal 

variation of pitch. 

Cllal~ter 4 prescnt,s a det,aile<l study of te~llperature variatio~l of Ps, 0 and 

11 carried out on tliree different ~iiaterials havi~ig different degrees of polari- 

sat ion. Tlle ~lle:surenle~l ts of sl~ontaneous polarisatio~l have beell done usi~ig 

tlie Dia~iia~it  Bridge teclinique[41] and the p by s tandard optical diffrac tioil 

method[42,43]. Tlle details of these are also given in Chapter 4. Tlle exper- 

i~lie~ltal  results obtained are aiialysed in the frame work of an extended mean 

field(Eh1F) mode1[33] as well as a microscopic mode1[35,44] proposed recently. 

One of tlie qua~ltit~ies that plays a nlajor role in the predictio~ls of tlle EMF ~liodel 

is tlle effective coupliiig coefficient PC, defined as tlie ratio of the coefficients of 

the bilinear to biquadratic Ps-0 coupling terms. This coupling coefficient is 
ps expected to deter~ili~le the nature of the tlier~nal variation of - ratio and p. 
6 

Tlle a~lalysis shows tlla t tlle niagni tude of PC does de terllii~le the temperature 

ps dependence of - and pitch. Also, tlie nature of the coupling between Ps and 
0 

0 is dependent on the proxi~nity to the A-C* transition, i.e., the i~lflue~ice of the 

biquadratic terili is s~liall near the TAc* and large far away from it. These fea- 

tures are generally in good agreement with the predictio~is of the EMF model. 

Tlle exl~eri~llental data are also conlpared with tlle predictions of a nlicroscopic 

nlodel[44] wllicll is based on a single particle pote~ltial. Tlle results of the anal- 

ysis brings out the siniilarity in the interpretration of tlie data  in ternis of the 

two nloclels. 



1.5 Phase Diagram involving the Twist Grain 
Boundary Phase in the vicinity of a virtual 
Cholesteric-Smectic A-Smectic C* point. 

A phenomenologica1 nlodel given by Chen and Lubensky[45] has been very suc- 

cessful in explaini~lg the experimental observatio~ls near a nematic-snlectic A- 

s~nectic C (NAC) ~nulticritical point [46]. Recently Renn and Lubensky have 

generalised[l6,47] this nlodel to describe the effects of chirality on the NAC point 

and its i~~lniediate neigl~bourl~ood. Dependi~ig on the s trengtll of tlle chirality, 

tlle tlieory expects different types of topologies for tile ~ileeti~lg poilit. Wllen tlle 

chirality is zero one gets the well known nenllatic-sniec tic A-smec tic C (N-A-C) 

~nulticritical point [46]. For the finite chirality case, the theory gives two alterna- 

tives depending upon wlie ther the sys tern behaves like a type I sup erconduc tor 

or type I1 superconduc t,or. I11 tlle fornier case, the nlee ting point Clioles teric- 

snieclic A-s~ilectic C* (Cli-A-C*) would be a crilical end point, where a line of 

second order transitio~ls is truncated by meeting a line of first order transitions. 

In the latter case, tlle ineeting point is preenlpted by the appearance of a new 

t,ype of phase, viz., tlie Twist Grail1 Boundary (TGB) phase wliicli is the liquid 

crystal analogue of the Abrikosov flux lat tice[l7] in a type I1 superconductor. 

Tlle TGB phase was identified[l9] t,o be tlie sanle as the A* pliase discovered 

by Goodby et a1 [ls]. But neither in this work nor in tlle subsequent ones[48] 

was the TGB phase found where it was expected to occur, viz., near a Ch-A-C* 

nlee ting point. 

Chapter 5 descibes tlle exyeri~nental studies on a novel phase diagra~li wllicll 
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sliows tlie existence of tlie TGB pliase near tlie Ch-A-C* meeting point. Op- 

tical microscopic ineasure~ile~its liave bee11 carried out on binary mixtures of 

4-(2'- ine thy1 butyl) plienyl 4' -n-oc tyl biplie~iyl -4-carboxylate (CE8) [49] and 

4-11-dodecyloxy biphenyl-4'- (2' -1netliy1 butyl) benzoate (C12)[50]. In CE8, tlie 

A plirrse interve~ies between Cli and C* transition. I11 C12 there is a direct Cli to 

C* transitioii. In t lie temperature- concentration (T-X) pliase diagram, (where 

X is tlle weiglit% of C12 in CES), it is seen that for 0.32 < X < 0.7 there appears 

an  interlnediate phase signalled by the 'filament' texture which is characteristic 

of tlle TGB yllase[18). Differential Sca~inii~g Calorimetric(DSC) iileasurelnents 

have been carried out on X=0.6 and 0.66 using Perkin El~ner DSC-4. The  DSC 

scans sliowed tlle presence of this phase in both the mixtures. A necessary fea- 

ture of tlie TGB phase is the siil~ulta~ieous existence of the layering as well as 

a n~acroscopic helical structure with its axis parallel to tlie layer planes. X-ray 

layer spacing n~easure~nents carried out 011 the sanle two mixtures showed the 

presence of layering in tlie TGB yliase. To get a quantitative iiifor~natiol~ about 

tlle llelical structure, selective reflect ion ~lieasureiile~its using VIS/IR spec troin- 

eter (Hitachi U3400) have been carried out. The results indeed sliowed tlie 

presence of lielical structure in tlie TGB yliase. All tliese results clearly indicate 

tlie presence of tlie TGB pliase in the vicinity of a virtual Ch-A-C* 111eeting 

point . 



1 .B High Pressure studies on some liquid crys- 
tals exhibiting Hexatic B/Crystal B phases 

Tlle observation of pressure induced 1ileso1iiorpl~is1ll[51] is one of the ~ilost sig- 

rlifica~it early results in the area of high pressure studies on liquid crystals. This 

led to tlle &st observatio~i of triple points( a triple point is the nleeti~lg point 

of three f i s t  order lines) in single colllpo~le~lt systeiils a t  high pressures[52,53]. 

I t  was also found that in sollle other cases pressure call supress mesopllases[54] 

and tliis again leads to i~ilpor taut co~isequences. Tlle observation of tricri tical 

poi~lts for the snlec tic A-nematic (or choles teric) [55,52] and trarlsitio~l a t  lligll 

pressure revealed the yote~itialities for ~liulticritical plieno~liena. So far very few 

niulticrilical poi~lts liave been observed a t  high pressures. Tllese are tlle ilcnlatic- 

snlec tic A-smectic C (N-A-C) nlulticri tical point [46] and its reentrant version, 

the ree~ibra~lt nema tic-smec tic C-smec tic A (RN-C-A) rnulticritical point [56]. 

I11 Cllapler G ,  results of lligll pressure studies, u~idertalien on diff'erent liq- 

uid crystalline sys terns, exhibiting either liexatic B or crystal B phases, with 

a view to observing new kinds of iilulticritical points, have been described. 

Tlle three n~aterials, N- (4-n- bu t-yloxy benzylideile) -4- n-oc tylaniline (40.8), 

N- (4-n- lieptyloxy benzylidene) -4-n- lleptylalliliiie (70.7) and 50 mol% lomix- 

t,ure of 4 -butyloxy -4' -decyloxybelizoate (5OPDOB) and 4 -1leptyloxy -4' - 

dccyloxyl>e~izoate (i'OPDOB), liave neniatic-smectic A-crystal B, s~iiectic A- 

siiiectic C-crystal B and snlect,ic A-snlectic C-llexat,ic B pllase sequences respec- 

tively a t  roo111 pressure. Tlle experi~llellts have been carried out using an  optical 

lligll prcssure cell up to pressures of about 3 libar. Tlle precisiou iu nieasuring 



tlle pressure was f 0.8 bar and t,emperature f 20 1nK. Tlle details of the set 

up is given in Chapter 6. In the case of 40.8, the A phase gets bounded a t  

lligll pressures leading to a N-A-B,,, critical elid point. In the case of 70.7 also, 

tlie internlediate phase, i.e., C phase gets bou~lded resulting in a A-C-B,,, CEP. 

Interestingly, wllell t,lie BcTy phase is replaced by Bher phase (50 11101% of 50P- 

DOB in SOPDOB), a to tally different topology of the P-T diagram is observed. 

Here again the C pllase gets bounded at  high pressures giving rise to a A-C-Bh,, 

~ i i c e l i ~ ~ g  p o i ~ ~ t .  Three possibilities have been proposed for this  nee ting point; 

they are (i)a mean-field bicritical point(tl1e meeting point of two second order 

lilies and a first order boundary) (ii)a triple poi~lt (iii)a new type of multicritical 

point(i.e., the ~lieetirig point of three secorld order boundaries). Thus the re- 

sults of high pressure studies 011 ~naterials exllibiting hexatic or crystal B pliases 

have led to the observation of a N-A-BcTy CEP, A-C-BCry CEP and a A-C-Bh,, 

nleeting point. 
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Most of t*lle results clescribed ill h i s  tllesis have been published ill the fol- 

lowing papers. 

1. Evidence of a first order sniec tic A - slliec tic C* tra~isit io~i arid its approach 

tto tricri tical behavior (in collabora ti011 wi tli B. R. Ratna, R. Shashidhar, S. 

I\;risll~la Prasad, Ch. Balls and G. Heppke), Phys.Rev. A 37,1824 (1988). 

2. Mean-field t,o Tricritical cross-over bellavior near the s~nectic A - slrlectic 

C* Tricritical point (in collaboration witli R. Shasliidhar, B. R. Ratna, S. 

Iirish~la Prasad, Ch. Bahr and G.Heppke ), Phys. Rev. Lett. 6 1 ,  547 

(1988). 

3. Tlle telnperature range of t,lle s~nectic A phase and its effect on the s~ilec tic 

A - slilectic C trarlsitio~i (in collaboratioll wit,li S. ICrishna Prasad, V. N. 

Raja, D. S. Slianliar Rao and M. E. Neubert.) Phys. Rev. A 42,  2479, 

(1990). 

4. hilean-field t,ricrit-ical behavior of t,lle s~llectic A -s~nectic C* transition in 

binary niixtures of the D and L fornis of a ferroelectric liquid crystal (in 

collaboratioll with S. ICrishna Prasad, R. Shashidllar, B. R. Ratna, Ch. 

Balir and G. Heppke ) Prese~ited at tlie 13th Inter~latio~ial Liquid Crystal 

Conference, Vancouver, Canada (1990). 

5. 011 the variation of pitcli and polarisatio~l - tilt couyling iri clliral slllectic 

C (ill collal~oration witjli S. I<risllna Pra.~atl ), Mol. Cryst. Liq. C7ysl. 

202, 91 (1991). 
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G .  S~llectic A -Snlectic C - Hexat,ic B nleet,i~ig poinl at lligli pressure - A new 

MultJicritical point (ill collaboratio~l with V. N. Raja, S. I(ris11na Prasad, 

S. Chandraselillar and B. I<. Sadashiva), Proceedings of the 13th AIRAPT 

Int. Conf. on High Pressure Sciences and Technology, p. 523, edited by A. 

I<. Singll, Oxford and IBH Publishing Co. Pvt. Lid., New Dellii, (1992). 

7. Dielectric stmudies of liexatic B - smectic A and crystal B - s~ilectic A transi- 

tions (in collaboration wit,ll C. Nagabli~islia~i, B. R. Ratna, R. Sllasllidllar 

and J .  W. Goodby), Liquid Crystals 3, 175, (1988). 

8. Pliasc diagrani involving the Twist Grain Boulldary phase i11 tlle vicinity 

of a virtual Cliolesteric- S~liectic A- Snlectic C* point (in collaboratiorl 

wit,ll S. Iirishna Prasad, V. N. Raja and J .  W. Goodby) (to be published). 
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